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3.0 INTRODUCTION

a. General:

Dengue is a human disease caused by dengue virus, a member of the family

flaviviridae ( Westaway et al.. 1985). Dengue viruses are of four distinct serotypes and

are transmitted to humans principally by Aedes aegypti mosquitos. Apart from dengue

fever (DF), a more severe and fatal form of the disease occurs in children called dengue

hemorrhagic fever (DHF) which could lead to the shock syndrome (DSS) (for a review see

Halstead. 198). A potential problem associated with monovalent dengue vaccines is that

individuals infected with one serotype are fully susceptible to infection with other serotypes

resulting in a serious fdrm of the disease, DHF, or DSS. A live attenuated vaccine was

developed, but its use in volunteers was discontinued due to inconsistent neutralizing

immune response among some volunteers, (Bancroft et al., 1984; Eckels et al.. 1984).

b. Genomic organization

Using recombinant DNA techniques it has been possible to determine the nucleotide

sequences of several flavivirus genomes. The first total flavivirus nucleotide (nt) sequence

was that of yellow fever virus (YF) (Rice et al., 1985). Since then, the complete or partial

nucleotide sequences of a number of flavivirus RNA genomes have been determined: West

Nile virus (WN) (Castle et al.. 1985; 1986), DEN-1 (Mason et al., 1987). DEN-4 (Zhao et

al., 1987; Mackow et al., 1988), PR-159 isolate of DEN-2/SI strain (Hahn et al.. 1988),

DEN-2 strain 1409 isolated im Jamaica in 1983 (DEN-2JAM (Duebel et al., 1986; 1988).

JE (Sumiyoshi et al., 1987), aid Kunjin (Coia et al., 1988) The complete sequence of

the DEN-2NGS-C genome, 11.723 nt in length with the exception of about seven nt from

the 5'-noncodina region was determined in our laboratory ( Yaegashi et al.. !-)86: Putnak

et al., 1988: Irie et al.. 1,089)

c. Use of recombinant PN A-based expression systems
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The amount of virion proteins synthesized in the infected host cells is not sufficient

to permit detailed characterization of their biological function in viral/cell interaction,

neutralization and host immune response, replication and assembly of virus particles. In

order to circumvent this problem, several groups have begun to utilize recombinant DNA-

based high ievel expression systems and characterize functions of flavivirus proteins. Three

notable expression systems are: 1) the E. coli expression system (2) the recombinant

vaccinia virus system, and (3) the recombinant baculovirus system. Of these tiir-t th- first

system gives rise to proteins with no posttranslational modifications such as glycosylation,

phosphorylation or processing of the polyprotein precursors. Therefore, it is of limited use

for the flavivirus proteins which do undergo glycosylation and proteolytic processing. Yet,

this system was used in our laboratory due to its simplicity, to map the antigenic

determinants of monoclonal antibodies against the DEN-2 E protein, having a high

neutralizing titer (Trirawatanapong et al., 1991) (see below). Using this E. coli-based

expression system, we also successfully mapped the antigenic domains of the nonstructural

protein NSI (Putnak et al., 1988).

(d) Mapping epitopes

The variable portion of the flavivirus glycoprotein E which is the major

portion of the molecule contains epitopes which determine the type specificity and complex

specificity. These antigenic specificities form the basis for serological classification of

flaviviruses as determined by haemaglutination-inhibition (HI) and neutralization tests. The

glycoprotein E is the most important for the induction of neutralizing antibodies as well as

protective immunity (Della-Porta and Westaway, 1977; Kitano et al., 1974; Heinz et al.,

1981). In order to develop a subunit vaccine against dengue virus, it is important to

identify me region of E glycoprotein which interacts with thL host cell, or to identity its

neutralizing epitopes.

I teinz ct al. ( 1983a) presented a mode! for the anti :nAC structure of ftavivirus

glycoprotein F consisting of variable and conserved epitopef hy analysis of glycoprotein of
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tick-borne encephalitis virus (TBE) (Heinz et al., 1983a- 1983b). These studies revealed

the existence of threc antigenic domains (A,B,and C) on E glycoprotein of TBE. Domains

A & B contain neuu-alization-protective, and HI epitopes. The 3-dimensional structure of

the E protein is important for the integrity of these determinants. Flavivirus group-reactive

monocional antibodies although reactive in HI, were not involved in neutralization (Heinz,

et al., 1983b). Heinz also noted that only those monoclonal antibodies (Mabs) which

neutralized the virus in vitro also passively protected mice against lethal challenge with TBE

virus.

Various methods are available to determine the precise location of

antigenic sites on prot'in molecule (Berzofsky, 1985). One approach involves the use of

Mabs as specific reagents for defining single epitopes on the complex antigenic structure of

protein molecules. Using methods involving screening of purified proteolytic fragments of

a protein molecule and/or screening a collection of overlapping synthetic peptides, the

antigenic determinants of a number of viral glycoproteins have been studied (Roehig et

al., 1982; 1983; Lubeck and Gerhard, 1982; Emini et al., 1982; Volk et al., 1982; Massey

and Schochetman, 1981; Mathcws and Roehrig, 1984; Mehra et al., 1986). Second

approach used was by selecting escape variants against neutralizing Mabs, and sequence

the variants in the region of the genome encoding E and M (Lobigs et al., 1987). It was

found that each of the variant resulted from a single nt change in the E protein coding

sequence leading to a nonconservative amino acid substitution at position 71 or 72 in the N-

terminal region of E. Third approach made use of the igt 11 expression system, which

involves contruction of expression libraries containing fragments of gene encoding the

amtigen, and sequence the cDNA expression clone that reacts with an antibody. The DNA

sequence encoding hie epitope is attributed to sequences that are shared by multiple

anti ,d-posi tive r. -mbi nant clone (Mchra et al., 1986). We evClopCd another usCul

approach fcnr mapF the linear antigenic deterininant of E protein or DIEN-2 recomnized
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by a type-specific and neutralizing Mab, 3H5, which has been shown in previous studies to

have a significantly high neutralization titer ( Gentry et al., i982).

(e) Presence of a stable secondary structure at the 3'-erd of flavivirus

geno mes

interestingly, the potential to form a stable secondary structure is highly conserved

among the various flavivirus RNA molecules, as deduced from the primary seuuence data

and the computer-derived energy calculations (Tinoco et al., 1973). Two lines or

experimental e,.,i&-nz, suggested that such secondary structures could exist in solution.

First, Brinton et al. (1986) found that nucleotides within the putative region of secondary

structure were partially resistant to ribonuclease. Second, Hahn et al., (1987) reported the

isolation of rare cDNA clones of DEN-2 RNA (S /candidate vaccine strain of PR- 159

isolate) as well as that of MVE RNA, which could have arisen by s,:lf-priming of the 3'-

terminal base-paired region during reverse transcription.

In our laboratory, we devised a novel method to generate radiolabeled transcripts of

high specific activity in vitro, which contain truncated 3'-terminal sequences of DEN-2

RNA (New Guinea-C strain) identical in sequence to the genomic RNA. Such transcripts

were used to investigate the possible formation of secondary structure at the 3'-terminus.

By digesting with RNase A, three protected fragments of 16-23 nucleotides in length were

obtained. These RNase-resistant fragments were mapped within the 3'-terminal 96

nucleotide region by analyzing their distinct susceptibilities to RNase H digestion.

subsequent to the formation of RNA:DNA hybrids with synthetic oligodeoxynucleotides

of known sequence. These results strongly support that such stable secondary structures

are indeed fonmed in solution.

4.0 Body of the report

4.1 Complete nucleotide sequence determination of l)EN-2 RN \

g eno me
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In the Final Report submitted on Nlarch 1, 1986, ve described the work done

supported by the USAMRDC Contract (DAMD 17-82-C-205 1). At that time, we had

determined only 4586 nucleotides of DEN-2 genome bv eDNA cloning and sequence

analysis. Subsequently, the complete sequence analysis of the genome was accomplished.

The genome of DEN-2 virus (New Guinea-C strain) is 10,723 nucleotides in length. It has

one long open reading frame coding for a poly-protein of 3391 amino acids in length. which

is processed into three structural and seven nonstructural proteins by cellular and virai

proteinase(s). The cloning and sequence analysis of the entire DEN-2 genome was

reported in the ANNUAL REPORT dated October 31, 1988, and was published

Putnak et al.. 1988. Irie et al., 1989).

4.2 Expression of dengue viral antigens in E. coli

One of the objectives of the Contract is to express the dengue viral antigens in E.

coli to produce large amounts of the protein and to produce polyclonal antibodies against

these antigens. We used different cDNA clones for expression in E. coli using the pMR 100

' ,, ,rc nt ,P* Lop,;:" dcIguc ,. ir' ait igcns wei- cxpressed as fusion to the E. ccil

P-galactosidase (E. coli P-Gal). Two advantages of this expression system are that (1 it is

easy to identify the recombinants, and (2) the fusion proteins can be purified to near

homogeneity in a single step using an affiity C:llolldatOdplAIy *G12aS%. un 0;1ding to a

substrate analogue of E. coli [3-Gal. (I 1) ising this system, we first expressed the E and

NS I epitopes, as these two proteins are important for the development of vaccines against

DEN-2 virus. We learnt that the fusion proteins containing the hydrophobic C-terminal

regions of E protein, instead of being larger than E. coli v-Gal, undergo degradation in E.

coil to a liTIit size ,Ahich was less than the authentic E. coli p-Gal. The fusion proteins were

,svnthesized in abundant quantities and could be readily purified to near homogeneity in a

'Ingle step attinitv hromatography as expected. (2)i The C-terminal domain of NS3 antigen
or DdN-2 ;.as also expressed in . ce!ias a fuion protein tF . c'oli i-Gal usin the

cDNA clone YS5(,5 Irie et al., 1),89). For the expression K,, NS3, the cl)NA clone A4 was

6



used. Analvsis of the fusion proteins by We,;tcn blots, shoevd that the tusion- pi otCi,,

were unstable in E. coli and underwent deuradation. These studies shov ed th:a t ti

expression of DEN- 2: antigens as fusion proteins to F. coli ji-Gal did not ,,ive rI, to

proteins of expected sizes due to degradation, and the inmnunoreactivities of these iu' ionl

proteins to the well-characterized monoclonal antibodies against DEN 2 antiue~is were

aberrant. The antibodies raised these fusion proteins in rabbits were also found to be not

immunoreactive to the native viral antigens. Therefore, it seems that expiession of DEN-2

viral antigens in E. coli must be carried out as unfused proteins, and probably only as

hydrophilic rebons of the proteins. The details of these expression studies are described

in the ANNUAL REPORT dated November 17, 1987.

4.3 Mapping of the neutraiization epitope of DEN-2 E protein

One of the specific aims of the Contract proposal is to express the anticens coded

by the dengue virus type 2 in order to understand their functions, and develop a safer

vaccine to control dengue infections. Heinz et al. (1983) showed that only those

niV,,oclonal antibodies which neutralized the virus in vitro also passively protected mice

against lethal challenge with tick-borne encephalitis virus. Lobigs et al., . I c)87 itefincd the

anikeXic detemiinant iivolvcd II the -, aii. n of YF on F protein -1h 'proach used

was to sclect neutralization escape variants against two neutralizing monoclonai antibxdies.

and sequence the vaniants in the region of the genome encoding E and M. it was found that

each of the variant resulted from a singzle nucleotide change inI the E region leadingu to a non-

conservative amino acid substitution at position 71 or 72. Thus. the antigenic determinant

(s) involved in the neutralization are localizedl i-. the E protein. Therefore, it ,. important

to express E protein to analyze its antigenic deteninants.

We chose p()TS expression vector for producing unfuscd F protCin of I)LN-2 In

E. coli because previous studies mentioned above showed that the dcaguc vira. !ut:

proteins (to E. coli [3-Gal) were unstable in F. coli. Moreover. the s,, the,, ot tPae aint:gn

7



oftinerest can be tig~htly control ed in ths sy stem. 'ie vector conitais the str ong '

Pro011oter. 'Ind cx piession of any .-Cne Cloned under thle cotf this promoter Can he

nd-sc ed -A ith temperature. The host is F. coli N5 515 1 w hin pro xuces hennMoIjil I

repressor, which is inactivated at 42 C. The expression of nearly fuli-ength F jtaroten. o

the truncated polypeptides were tested for their imnnoreactivi tv by Western hlotting

technique using Whe polyclonal hyper mouse ascits tflid ( HIMAf. and the monoclonai 3115

antibody First the epitope of 3-H5 antibody on E protein was locali7ed %vlon [1a I X0

amino acid residue region between two BamHIl sites within the coding regton of 1; protein.

Subsequently, more targeted deletions within the 180) amino acid region Cre made using,

the poi',merase chain reaction (PCR'I. A hydrophilic region encoded by

QLKLNWFKKGSS (386-397) was mapped to be the 31-15 reactive site on the F protein.

*The follo s ing expermental evidence indicated that this region of E protein

repn(!sen.;- the, 3115-reactive site. ( 1) The antibcdies ra~sed auainst a synthetic pcptide

containing 12 amino acids mimicked 3115 in immunoreactiv ity with the peptide as shown

by FLISA. The anti- peptide antibody reacted specifically with the peptide at the dilution of

1: (OOwhe compared with preimrmune sera. Similarly'. the reactivity of 3H5

m1oln"clondl antibody to peptide also showked specificity .khen compared w ith unrelated

imonoclonal antibodfies 3E9 arid A 16, whiich are monoclonal antibodies against DEN-2

NS1 protein and i erpes virus glycoprotein. respectiv ely. i2) The anti-peptide antibodies

reacted wkith the F protein of DEN-2 virus in vitro. For this experiment, the (CV] clls were

ut. ed'. tDl1FN 2 virus and lbe led the proteinis us;in "l S nieth fl L.

hi-iurlopecipitation of labeled proteins from the infected :ells, followed by SDS/1'AGF

ndi ited that anti -peptide antbiboy recognized a protein i Ut a obil;tv In C-el SinlIllar to that

M Y7 hi ':muno precipitated nithl either 11MA.*F or 31-5 inonoc lona I anti hody These

eON Is Arc ~Jeri hd in the A NNV'AL. RE{PO RTS dat td Decembi er I L 19S9 and

D~ecember 12. 1990

8



4.4 D~etection of stableC secCondary' st ructuLre at te IiC '-t ernif1111 of

dengliue virts type 2 RNA

Ihle 3, tcri-nn" seuie ot r~ittl I 0 ucicniilde !t t'.'1 1

have been s'at:Cestedl to have a hie I oit Cr~ed sccondarv "tructurC on ?rtIicl':

fromi the knowi, nucleotide SeqtILence data, and tree energy itvclat:TnIs iron 111 c(nm-Uter

prozrams ( 1'iroco et il.. I 0-i). Two 11ICS of experimental evidence ',It '-'LC \tcd .t'-c

Secondary Structures could eXI.st In solution. First, firinton et -al. ( 1 (86 found that

nucleotides within the putative reetion 4t sc:ondary s truIMIct re FdCprtiall% riVII*aa!t to

ribonuclease. Second, H-ahn et at.,. 11)87 )reported the Isolation of 7-arer cD.N:\ C~e

DEN-2 RNA (SI/candidate vaccine strainl of PR-I 1) isolate) as well as thtof MT Rf NA,

which could have arisen by self-priming of the 3 -terminal base-paired recion dra

reverse transcription. InI order to test the existence of secondary' strutl~ure in solutionl. 'AC

devised a stratce'yv to i.enerate truncated RNA molecules from aibout 0.)~ to 1 .4 Ini~sc

length in vItro, having the same polarity and nucleotic'c sequence as denguie virus tp

(DF N-2) RNA (NEW GinIea-C Strain). When these labeled RNA molecules were

digested by RNase A. and analyzed by denaturing polyacryla-ilde gl e~crpoei~three

protected fragments of 16. 20), and 23 at in length were reproducibly,, obtained. To

examine whether these RNase A\-resistant frai-mrents emnere-ed from -a stable sconda-%

structure formed in solution consi stinh of 3'term11ia sene(IICs. hbil to

RNase A-resistant fragments to four chemically synthesized oiie-OdeOXVnuICceOtIIoeS.

coplmetay o t ~. 5-8.402.and 73-06 from the -triu ofDN-.NA

followed by RNase H dicestion were caried out. Tw o of the four oii,,odeo,\vnuceolidcs

w'ere sufficient to rendler all three RNa'e A-resistant fragments usetleto k"' 1< I I

di cTestion. From these data, it is clear that a stable Secondar\ strulctcreC 1" ta t IC. '

thle nucleotides 18 - 02 ClormI thle -tma are v-ery 1il toC 1 c [ n) [.I'mc

it is, possible to deduce the RN'ase' A\ cia. cites. 'I~hic.cret: '

tor-mation of stabhle secondaryV stIrIICMIr dt the -rinsOtI lNIUNA

9



potential use of these unique transcripts to identify the viral and/or host proteins which

might interact at the 3-terminus of LEN-' RNA during initiation of replication are

described in the ANNUAL REPORT dated December 11, 1989. A manuscript

describing these details has been accepted recently in GENE (1991).
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